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Schema Mediation for Large-Scale Semantic Data Sharing
Abstract
Intuitively, data management and data integration tools should be well suited for exchanging information in a
semantically meaningful way. Unfortunately, they suffer from two significant problems: they typically require
a common and comprehensive schema design before they can be used to store or share information, and they
are difficult to extend because schema evolution is heavyweight and may break backward compatibility. As a
result, many large-scale data sharing tasks are more easily facilitated by non-database-oriented tools that have
little support for semantics.
The goal of the peer data management system (PDMS) is to address this need: we propose the use of a
decentralized, easily extensible data management architecture in which any user can contribute new data,
schema information, or even mappings between other peers schemas. PDMSs represent a natural step beyond
data integration systems, replacing their single logical schema with an interlinked collection of semantic
mappings between peers individual schemas.
This paper considers the problem of schema mediation in a PDMS. Our first contribution is a flexible
language for mediating between peer schemas that extends known data integration formalisms to our more
complex architecture. We precisely characterize the complexity of query answering for our language. Next, we
describe a reformulation algorithm for our language that generalizes both global-as-view and local-as-view
query answering algorithms. Then we describe several methods for optimizing the reformulation algorithm
and an initial set of experiments studying its performance. Finally, we define and consider several global
problems in managing semantic mappings in a PDMS.
Keywords
peer data management, data integration, schema mediation, web and databases
Comments
Postprint version. Published in VLDB Journal : the International Journal on Very Large Data Bases, Volume 14,
Issue 1, March 2005, pages 68-83. The original publication is available at www.springerlink.com.
Publisher URL: http://dx.doi.org/10.1007/s00778-003-0116-y
























































































































Pub(pubID, title, venue, year)
PubAuthor(pubID, authorID)
PubProj(pubID, projID)




Faculty(facID, name, rank, office)
Advisor(facID, studID)
ProjMember(projID, memberID)
Paper(papID, title, forum, year)
Author(authorID, paperID)
DB-Projects

























































































































































































































































































































































ü-àÝÌÜﬁ9lÙ27-N6<=-'& õ@´ßãÃ>:47ÝÌÜ})*'127Ý 63>ï2ío-5åO'+ãÃ9ñ67<=-Nén ío--4h43-)*Ü63'*>02"Ü2;Ú{'+-&ö2">Ú-54;Ýb-8='1Ü}67-8ñùAk^â¤ø^43>-åO62
47-T)1Ü}63'*>0o2Tè
÷







































Ü})*Þ>:43'*67<oÝb2QãÃ>:4[Ü0o23&^-47'*0Þð{Ù=-543'*-2[Ùo23'10=Þ§Ú{'+-&ö2Z0 $ÍÜ})}CEDaF¤Û,oÙ=6['10ß-Oäåz<Ü0Þ-J& õ@´ í47>Ú:'18=-52òÞ47-Ü}67-4ò-Tä{67-027'1,='+)*'*6©9î
67<-[Ü88='*63'*>0h>}ãc0=-& 27>Ù4åO-52^'*2)*-22)+'1ô}-)+9C63>;47-ð{Ù='143-òÜ"åz<Ü0Þ-Q63>"67<-[ÝV-58='1Ü}63-58h2åz<=-5ÝbÜoè









































































































































































































































































































































































































































































































































































































































































































åO-5436Ü}'10ïÜ023&^-42b'*0ç67<- & õ@´27-T6763'10=Þß0 &@?: A5>£FÍåÜ4439ß>Ú-54Ê67>ß67<=-NåÜ27-h&ö<=-543-67<-§Ú:'*-T&ö2ÌåT>0:67Ü'*0låO>:ÝbíoÜ47'*27>0
í47-8='1åTÜ63-52TÛ,oÙ=6~67<-öð:Ù-479V8=>{-20=>6è
÷





































































































q   Q(r1, r2) :− SameProject(r1,r2,p),
Author(r1,w), Author(r2,w)
Author(r2,w)Author(r1,w)SameProject(r1,r2,p)
r0  SameProject(r1, r2, p) :− ProjMember(r1,p),
ProjMember(r2,p)
 r1  CoAuthor(r1, r2)          Author(r1,w), Author(r2,w)
r2  S1(r, p, a)         ProjMember(r,p), Area(p,a)
r3  S2(r1, r2)  =    CoAuthor(r1,r2)
Q’(r1,r2) :− S1(r1,p,_), S1(r2,p,_), S2(r1,r2)    U





























































































































































































































































































































































































































































































































































































































































































1st rewriting, 10% dd
10th rewriting, 10% dd







































































































































































































































































































































































































































































































































































































































































































































































































































































































T{ ¯; ^:£¤@y	¦#ª*}°8zc*.zRxo²izÅzÅzby :{£¤y 75ŁÌoT 5 ¯Xy






















































































































































































































































































































































































































































































































































































































































































































ãÃ>)*)*>&ö2Ê6<Ü}6b67<=-#2763>47-8ï43-)*Ü63'*>02bÜ47-C'10ï27674Ü}6ÙÝ CÛRÜ})*)>67<-42Ê'10ï<='*Þ<-4b23647Ü67ÜèG>& &^-#8=-Oì.0- R

ãÃ>:4Ê-5Üåz<
27674Ü}67ÙoÝhè=õ623647Ü67ÙÝÖCV&á-Q8=-Oì0=-R

%ú/?
Ã
R

%ú/?cãÃ>4^-5Üåz<;2763>:43-58;43-)*Ü63'*>0]úbî{67<='128=-Oì0=-2E

è=õ623647Ü67ÙÝ
DÛ
&^-òåT>027'18=-4(Ü)+)í.-T-54>4(2763>:47ÜÞ-ò8=-2åT47'*í63'*>02
û
s
ý
û
|
8=-Tì.0='10=Þ"67<'*2ö27674Ü}6ÙÝè%&-6

i
sb3P565P5P3

i
9h,.-[Ü})*)	67<=-VÜ027&á-54
'10
û
s
%*R?@èo>4^-5Üåz<Û

i
BK
û
|
%#R=?zèE$G-50åO-ò6<=-47-ò-Oä='*27672(Ü¨ﬁ27ÝÌÜ})*)}ﬃÊ2Ù,27-T6(>}ã:R">0h67<=-/47-T)1Ü}67'+>:02^'*023647Ü67ÙÝ
öD
>0C&ö<='1åz<
û
|
2367'+)*)_47-T67Ùo4702

i
B3è
÷
Üô-HRòÜ}6^67<'*227674Ü}67ÙoÝ 63>Ì,o-ò67<-òÙo0='+>:0;>ã Ü})*)ë67<=-523-ò27Ùo,23-672Ü0o8;>}ãER

è
÷
<{Ù2TÛ:&^-
¨:Ł[ÍËÌz}+T©5Ì*5rqë©°¤@OªQ}@Ł[©+áT3/}¨{ T¬
åO>:027674ÙåO6RV27674Ü}6ÙÝ ,9§27674Ü}6ÙÝÛ.-5027Ùo43-bÜ}6G-5Üåz<§2763-5í§67<Ü6Í6<=-Ví.-T-54Í8-2åT47'*í=67'+>:02ö'10X/
s
Ü6G67<oÜ}6Í27674Ü}6ÙÝÜ47-
2Ü}63'123ìo-8	è
÷
<='12òåO>ÝÌí=)*-T67-2Q67<-bí47>{>}ãèUG>63'1åO-b67<Ü6QÜ6Í-5Üåz<N0=-& 27674Ü}67ÙoÝ &^-Ê'10å43-5Ü27-Ê67<-b27'+ý-V>ãaRÌ,:9NÜ"ãﬃÜåT63>:4
-ð{ÙÜ)	63>"6<=-[23'*ýT-ò>ã 67<-[ð:Ù-47'+-52'*0T/
s
Ûo<=-50åO-DR/&('*)*)_<ÜﬁÚ-/ÜÌ23'*ýT-ò&ö<='1åz<'*2-Täío>:0=-0:63'1Ü})	'10T/
s
è
÷
<=-Ü)+Þ>47'+6<ÝæãÃ>:48=-5åO'18='10=Þ
#
3Gâ-ð{Ù='*ÚﬁÜ)+-50åO-~åT>027'12362_>}ã=-)+'1Ýb'*0Ü63'10=ÞGÜ)+)'*0:63-543-5Ýb-8='1Ü}67-~)+-Ú-)*2 Ü08_ﬁ.Ü}6763-0'*0=Þ7ﬃ
,.>67<høùQúüûC/
s
Ûe/
|
Û=6<=-0#åz<=-5åzô:'*0=ÞV-ð{Ù='*ÚÜ})*-0åT-Q>ã/.Ü6^øáùÍúßûè%R)*Ü6363-50='10=ÞbãÃ>4ﬁ/
s
í47>=åO--82^Ü2^ãÃ>)+)*>&ö2G%ﬃãÃ>4ﬁ/
|
'12á27'*Ýb'*)*Ü4TÛ:>}ãåO>Ùo4727-ﬁ?zè
#
>0o23'18=-4^27>Ýb-Íí.-T-54á47-T)1Ü}67'+>:0;0ÜÝb-h'Ìè{õÍ272ÙÝb-G'*6^>{ååTÙ42á'*0"6<=-òío--48=-2åT47'1í=63'*>0' ý
û
|
Ü0o8#'*0N27-TÚ-4Ü})í.-T-54G8=-527å47í63'*>02G>}ã~67<-[ãÃ>4Ý
û
s
ý
û
%#'Ê?zè.ùQ-Oì.0-r/

s
63>h,.-Ê>:,=67Ü'*0-8ãﬃ47>Ýã/
s
,:9#8=-T)*-T67'*0ÞC67<-
í.-T-4V8=-2åT47'1í=63'*>0f' ý
û
|
Ü08­43-5í=)1ÜåO'10=Þ§-5Üåz<
û
s
ý
û
%Æ'Ê?ò&('*67<
û
s
ý
û
%Æ'
û
|
?@Û&ö<=-0f''12['10ß67<=-23-6 '
47-T)1Ü}63'*Ú-/67>;&ö<='1åz<&á-Êåz<-åzô;-5ð{Ù='+ÚÜ)+-50åO-Ûo>4ö&('+6<
û
s
ý
û
%
û
|
?'ãa' ÂK 'Ìè$G-47-[&^-[Ü227ÙoÝV-58
û
63>C,.-[-Oäí47-227-8
Ü2òÜh23-)+-5åO6â©í47>-5åO6âo>'10Nð{Ù=-5439Ûë<-0åT-
û
%Æ'
û
|
?GÝb-5Ü02ﬁ72Ù,2763'*67Ù63-b67<=-",Ü23-b43-)*Ü63'*>0' &('*67<0'
û
|
ﬃè
Ø
6Q'*2
-Ü239V63>Êío43>Ú-ÛÙ27'10=Þ
÷
<=-T>:43-5Ý ¾Q6<Ü}6^/
s
Ü082/

s
Ü47-
#
3Gâ¤-5ð:Ù'+ÚÜ})*-0:6è
Ø
08=--8	Û)+-6§,o-QÜ/åO>0o23'12367-0:6~'102767Ü0oåO-(ãÃ>:4
/

s
èü-ÌåO>0o23647ÙåT6ö>Ù6G>}ã~'*6òÜC2ÝbÜ)+)*-4ÍåO>:023'12763-0:6ö'102767Ü0åO-rRhãÃ>:4H/
s
,:9§8=-Oì.0'*0=Þ-Rh67>h,.-V'18=-5067'*åÜ})63>Uß-TäåO-í6
ãÃ>4G67<=-b43-)*Ü63'*>0['ÌÛ&ö<=-47-@R%#'Ê?
Ã
c%#'Ê?
û
|
%+ ?@Û'*0N67<=-båTÜ27-&'ÚK 'ÌÛ>4ﬁR%#'Ê?
ÃØû
|
%+ ?(>67<-47&('*27-è
÷
<=-Ê>67<=-54
8='143-5åO67'+>:0C'12(6747'*Ú:'1Ü})¤î=Þ'*Ú-50RÛ67Üô}-Rm67>",o-/'18=-0:67'*åÜ})_67>tRè
l(m
HnYoIbo>:4CÜï27'1Ýbí)+-m-OäÜÝÌí=)*-Û^åO>0o23'18=-4C67<=-møùQúüû¹/
s
'10xí47-27-0:63-58ñ-Ü43)*'+-54TÛáÜ08Ï2Ùíí.>27-N&^-à&Ü0:6;67>
-T)*'1ÝV'10Ü63-@'
|
è
÷
<=-[åT>027674ÙåT63'*>0CÜ,o>Ú-ò9:'*-T)182î
/

s
îúV%#)ë?
ý'
s
%*)	?a'
s
%#)ë?
ý¹'
|
%#)ë?
3
'i@%*)	?
&ö<='1åz<'*2(27-ÝÌÜ0:67'*åÜ})*)+9;-5ð{Ù='+ÚÜ)+-50667></
|
èE.>4(ÜÌÝb>47-/åO>ÝÌí=)*-Oäh-OäÜÝÌí=)*-ÛåT>027'*8-467<-/øùQúüûî
/
s
îùÊ%*)
3
éo?býC%*)
3

?
3
C%

3
éo?
C%*)
3
éo?bý
ë
%#)
3

?
3
ë
%

3
éo?
Ü0o8hÜ272ÙÝb-ò&á-/-)+'1Ýb'*0Ü63-;èm-/Þ-T6Tî
/
s
îiù[%*)
3
éo?ýﬀ;%*)
3

?
3
ë
%*)
3
L	?
3
ë
%3L
3

?
3
;%

3
éo?
3
ë
%é
3ﬂﬁ
?
3
ë
%
ﬁ(3
éo?
?ö-67Ù40='10=ÞÌ63>"67<-Êí47>:>ã >ã
÷
<_è>ÛoÜ}ãÃ63-54(43-5ío-5Ü}63-58=)*9hÜíoí=)+9{'10=Þ"67<-/-T)*'*Ýb'10Ü}67'+>:0ío43>=åO-58Ù47-ò63>/
s
&^-[Ü447'+Ú-QÜ6
Ü'ﬁ.Ü}6[ﬃ/øùQúüû"&ö<='*åz<C<Ü2áÜÊ27'*0=Þ)+-Q23647Ü67ÙÝÛ:67<Ü6á'12Û'*6áåT>027'*27672á>0)+9Ì>}ã2763>:47ÜÞ-ö8=-527å43'1í=67'+>:02Tèû:'1Ýb'+)1Ü47)+9Û/
|
&('*)+)
,.-/674Ü023ãÃ>4Ýb-8;'10:63>;27>Ýb-T6<='10=Þ"23'1Ýb'+)1Ü4Û='jè -è*î
/
s
î·ú
s
ý
û
s
%'Ê?
3P565P5P3
ú9ý
û
9ë%'Ê? %eh{?
/
|
î·ú
s
ý
û

s
%'Ê?
3P565P5P3
ú9ý
û

9
%'Ê? %M½=?
5   Oª@¢¥Éj¢ﬁz£::7ÌT{"!T3T¢
G>63'1åO-ò67<oÜ}6>0=)*9;6<=-/43-)*Ü63'*>02 ' >=åTåÙ4'10C6<=-/43'*Þ<:6â©<Ü08C27'*8-Û47-T)1Ü}63'*Ú-Q63>b&ö<='1åz<C&^-/åz<=-åzô"åT>0:67Ü'*0oÝV-50:6TÛ=23'10åT-
Ü})*)	67<-/>67<-42(<ÜﬁÚ-ò,o--0-T)*'1ÝV'10Ü63-8_è
÷
<=-òãÃ>)*)*>&('*0=Þ"í47>í.>27'*63'*>0CåT>0åT)*Ùo8=-26<=-[í47>:>ã >ã6<=-/67<=->47-Ýè
À
oﬂá.5ﬀÃ5ﬀﬃ
0S
`EPGLMKiIa\;N³rﬃbNBÛ(ÜA×'Ô-/
s43
/
|
Q`PGL}PNLª`7	`±cT ÚAPGNO\R	7I"KIaPaQR\OYNLM`P
Z
àaß4Y
Z
ßÓ
d
SIa`./
s
L}P
S
j
°I\ 
­
Lª²IR`NbN^</
|
L  /
s
L}P
W
¬
°I 
­
Lª²dIR`NbN^r/
|
L  Úa\JIiQ[S\Y
û
B)L}PJI 
­
Lª²oIa`N
Z
PJ_Q`6s
­
`UQRNeLª²I 
­
Ia\Gcß
N^
û{
B
Ó
Û.\£ Ú
#
)*-Ü47)*9à'+ã
û
s! 
û{
s
365P5P5P3
û
9
 
û{
9
67<=-50O/
s 3
/
|
Ü47-;,o>67<¼Å GâQÜ0o8
#
3Gâ¤-5ð:Ù'+ÚÜ})*-0:6è/o>:4[67<-CåO>:0Ú-423-Û
Ü22ÙÝb-/67<=-9hÜ47-
#
3 -ð{Ù='*ÚﬁÜ)+-50:6TèE?ö-50ÜÝb-[Ü)+)_ÚÜ43'1Ü,=)*-2'10§Ü})*)@fhGüð{Ù=-543'*-2(67>;,o-V8='*2763'10åT6Tè.>4(-5Üåz<
Ã
D
3P5P565
3
GcÛ
8=-Tì.0=-
û
67>Ì,.-ò67<=-/åT>0d3Ù0oåO63'*Ú-/ð{Ù=-5439
û
B3ÛÜ08åO>:027'*8=-546<=-[2763>47-8;'*02767Ü0åO-^ExãÃ>4^&ö<='1åz<úhBRåO>0:6Ü}'102í43-5åO'123-)+9
>0-Í6Ùí=)*-QÞ'+Ú-0;,:9"6<=-/<=-Ü8"ÚÜ47'*Ü,=)+-52TÛ

)pBÛ{'10ZúhB3%

)pB©?
ý
û
B7%

)(B?zÛÜ08hÜ})*)ë67<=-Q>6<=-4.úçþ 2Ü47-G-5ÝÌí=6©9è
#
)*-Ü43)*9

)pB'*2
ÜCåT-4767Ü'*0NÜ027&á-54ãÃ>4
û
'10X/
s
Û<-0åT-Ê'*6Í'12ÍÜhåO-5436Ü}'10NÜ027&^-4(ãÃ>:4
û
'10X/
|
è
#
>027'18=-4Í67<=-V'*0o236Ü0åT-&R§8=-Oì0=-8N,:9
67<-V,.>{89>ã
û{
B
î67<='12Í'*2ÍÜ;åO>:023'12767Ü0:6ö'102767Ü0åO-/ãÃ>:4H/
|
&/è 4è 6TèME[Ûo<=-50åO-

) B K
û
%#R=?zè
÷
<='12ÍÞ'*Ú-2GÙ2ÍÜCåO>0:6Ü}'10Ýb-0:6
ÝÌÜíí'*0=Þbãﬃ47>Ý
û
B
%
Ãüû
?67>
û{
%
Ã
R?@Û.í43>Ú{'10=Þ
û{
B
ý
û
B
è
÷
<=-ò>67<=-54(8='*47-åT63'*>0'12(í43>Ú-8h23'1Ýb'+)1Ü47)+9è
